comparable to those which seem to be employed in the physical sciences and in mathematics, but rather in a sequence of often isolated and apparently unconnected observations which may seem to lead nowhere for the time being until some collateral information or experiment enables the experience to be fitted into place. The build up of biological knowledge is slow and quite often it depends on chance, and until a sufficient number of collateral data have been collected observations may be impossible to explain. RESPIRATION In the early part of the eighteenth century (c. 1720) that indefatigable experimenter, the Reverend Stephen Hales, Vicar of Teddington, measured the blood pressure of a horse using the windpipe of a goose instead of the rubber tubing we should use nowadays to connect his glass manometer to the crural artery. He also made early measurements of the cardiac output of the living heart of various animals. He measured the transpiration stream and the rise of sap in plants and later in his life he studied respiration. He measured the volume of air inspired through respiratory valves and the volume of air expired. He found that the volume of expired air was smaller in volume than that of the air inspired. His observation was obviously correct because, as we know now, the respiratory quotient is normally less than 1, i.e. less CO2 is expired than oxygen is taken up. Furthermore as he collected the gas over water no doubt some of the CO2 was dissolved. This correct and precise observation mystified him completely as it was inexplicable at that time. Carbon dioxide had not yet been discovered and the realization of the place of oxygen in combustion had not yet been appreciated. Joseph Black and Lavoisier had not yet begun their work. Stephen Hales' speculations naturally led to some confusion in his own mind, but he at least emerged with further useful ideas. He called the expired air vitiated air, realised that something had happened to it, and he became an advocate of proper ventilation and his later practical contribution was the invention of a ventilating pump driven by a windmill to improve the ventilationn of the then overcrowded Newgate Prison. In order to regulate his windmill he also invented a wind anemometer to measure the speed of the wind. You will agree that he was a man of singular ingenuity, but with the knowledge of his day he could not be other than baffled by his observation on the diminution of the volume of the expired air. It took in fact more than another 100 years to realise that carbon dioxide was produced by combustion in the living animal tissues rather than in the lungs themselves, which was finally proved by Pfluger, the German physiologist, following perfusion of the tissues of a living frog and extraction of carbon dioxide by a vacuum pump from the perfusion fluid. This discovery was made only about one hundred years ago. Thus precise observation, enthusiasm and scholarship may all fail for lack of surrounding knowledge. We are in no better case today. "There are more things in heaven and earth than are dreamed of in our philosophy." SCURVY Let us take another story, the story of scurvy. The cause of scurvy, as we all know, is lack of Vitamin C in the diet. Man and the primates, and the guinea pig, are the only known susceptible animals as the rest of the mammals seem to be able to synthesise the vitamin from carbohydrate.
Jacques Cartier (1535) in the St. Lawrence River had his crew entirely disabled by scurvy and learned a cure from the Indians-probably an extract of pine needles but the identification of the tree was not clear from his writings.
James Lind (1753), taking the hint from the story of a sailor who, unable to walk from the scorbutic bleeding in his leg muscles, had chewed grass to slake his thirst and been cured, tried orange and lemon juice. He studied twelve sailors comparably stricken with the disease. Two got orange and lemon juice and the others, two by two, were given other treatments for the disease. Within a few days the orange juice treated men were on their feet helping with the care of the others who continued crippled: a controlled experiment. Unfortunately, the discovery that lemon juice was curative was muddled and lost after the Napoleonic Wars through substitution of lemons by limes, the vitamin C of which is much lower and deteriorates on storage more rapidly than that of lemons. Scurvy returned on long voyages. By the end of the century faith in lime juice was understandably lost. Nansen's Arctic voyages were made with no supplies of fruit but his men were free from scurvy because they shot and ate fresh game. In 1900 Lord Lister communicated to the Royal Society experiments by Harley and Jackson on monkeys showing failure to prevent the disease in monkeys by adding a daily apple or banana to a diet of tinned meat. We now know that apples and bananas are poor sources of vitamin C. These unsatisfactory experiments were considered to prove the inadequacy of fresh fruit in prophylaxis and tainted food was considered to be the cause. Tragically this confusion and lack of understanding led to the disaster of Scott's south polar expedition who perished from this preventable disease.
Meantime clinicians were expanding more precise observation well in advance of the laboratory scientists. Sir Thomas Barlow (1883) When I was a medical student, pernicious anaemia was as fatal and mysterious as cancer. Great effort and thought went into attempts to understand its real nature. The bone marrow was profoundly disturbed and became megaloblastic. The blood got thinner and thinner and became macrocytic. All these were known as well as the association with achlorhydria or indeed gastric achylia. The latter was treated by oral hydrochloric acid and oral sepsis was considered to form toxins which in the absence of hydrochloric acid in the stomach poisoned the bone marrow. Arsenic (which we never hear of nowadays) was regarded as the sheet anchor of treatment. A haemolytic process often complicated defective red cell production and haemolysins were also suspected of playing a part. The same blood picture could occur sometimes in relation to pregnancy and though grave this type could recover. Then the whole situation was somewhat confused by the occasional striking occurrence of combined pictures of leukaemia and pernicious anaemia which led to serious discussion as to whether pernicious anaemia might not in fact be a megaloblastic tumour of the bone marrow. One observation stood out, though outside the experience of British physicians, that was the occurrence of a blood picture like pernicious anaemia in Finland where the habit of eating raw fish led to human infestation with diphyllobothrium, an intestinal worm, removal of which was accompanied by cure of the blood picture. Although this was an accepted part of the story it simply added to the mystery.
In (Propert, 1938) . Two of the fatal cases belonged to one family and it was the father who asked for an enquiry which led to recognition of jaundice as a risk from the inoculation of convalescent measles serum. Meanwhile trials of pooled serum for transfusion and shock were recognised as icterogenic after a long incubation period of 2-3 months. The whole business was exceedingly baffling as the yellow fever experience had shown that as little as 0.1 cc. of human serum from a normal subject heated to 600 for one hour would still be capable of producing jaundice after this lengthy incubation period of 90 days. But the facts were there in abundance. At a meeting of the Venereal Diseases Society in 1943, Dible and I presented strong evidence for identity of arsenotherapy and serum jaundice. Minute amounts of serum from one icterogenic subject remaining in the barrel of a syringe would be enough to cause the epidemics. Major M. H. Salaman in the autumn of 1943 introduced in his venereal disease clinic a regime of a fresh autoclaved syringe for each injection and in the following year was able to report that this technique virtually abolished the occurrence of jaundice from arsenotherapy.
The relationship of contamination of syringes with human serum might have been appreciated earlier from the publications on epidemics of jaundice occurring in rheumatism clinics (intravenous gold preparations). An outbreak also occurred in a diabetic clinic from the use of a spring gun skin pricker for blood sampling (Graham, personal communication) . I suppose the inhibiting influence was the reasonable view that human blood drawn from the circulation would be sterile. And we are indeed far from understanding why in certain apparently healthy individuals blood should contain an icterogenic agent. The donors seldom give a history of any previous attack of jaundice or other liver disease. Yellow fever vaccine was at first suspended in a minute amount of apparently normal human serum but when it became possible to suspend it in an aqueous solution (after 1943) no instances of jaundice followed its use provided always that the syringes were clear. In consequence of some cases of small pox among the shipyard workers of Bremen, revaccination had been ordered. "Between the 13th August and 1st September 1,289 persons were vaccinated by six doctors with humanised lymph in glycerine and of these 191 took jaundice in the course of a few weeks. Other doctors vaccinated 87 of the men away from the yard and of the latter none took jaundice. Among 500 other workmen who were vaccinated at the same time with a different lymph there was not a single case of it. It is remarkable that the incubation period or the time between the vaccination and the appearance of jaundice extended to several weeks."
Hirsch ascribed the jaundice to "bad lymph". But his observation was "out of time", and he could hardly be blamed for failing to recognize that it might have been the addition of human serum to calf lymph which was responsible. Pinpointing the culprit in this disorder was indeed not an easy exercise as it was hard to suspect human serum. While we assume the likelihood of a virus it would perhaps be safer to talk about a noxious agent and make no further mistakes. Precision in medicine is vital. Loosely phrased statements lead to errors.
TRAUMATIC ANURIA Finally, I should like to take up the matter of traumatic anuria. During the bombing of London in the autumn of 1940 we received a number of casualties who had been partially buried or trapped by the limbs under fallen buildings. Often after passing some urine which was smoky or apparently bloodstained these patients became totally anuric. The illness ran a characteristic and intractable course terminating in fatal uraemia after about a week. Dr. Eric Bywaters undertook the task of documenting and investigating such patients. To the naked eye the kidneys, perhaps a little swollen, showed relatively little but on microscopic examination desquamation of tubular cells was noted giving the picture we now recognise as lower nephron nephrosis or acute tubular necrosis. The pigment passed in the urine was identified as myoglobin and the muscles in the compressed or crushed limbs were often pallid and depigmented. We compared the condition to the anuria which followed mismatched transfusion and studies were made to try to define what part was played by necrotic muscle products including myoglobin itself. Following the early reports our team was subjected to a barrage of criticism. Because Looking back on this period, one has no regrets. We defined a syndrome which was not previously recognized, but for which effective treatment was subsequently evolved. Beginning with the artificial kidney put into successful action by Kolff, who presented us with one of his models which we began to use in 1949, other methods of control, particularly dietetic, were shown to be effective in the milder cases and after a year or two the artificial kidney came back into use for the more severe cases. Anuria and acute renal necrosis were shown to follow not only severe injuries but other surgical procedures such as unduly long application of tourniquets, gall bladder operations, mismatched transfusion, lesser degrees of renal cortical necrosis and (Professor Barnard was right) septic abortion. Many such patients can now be managed and indeed kept alive over periods of weeks by the application of the artificial kidney and they can be restored to full health. It is interesting to think also of the evolution of our ideas on the need for treatment. A few years ago we thought that one artificial kidney to a population of about ten million would be adequate, i.e. five for Great Britain. There must now be twenty or more such units up and down the country and they are all busy as far as I can learn.
As far as we could find there was very little previous documentation of this condition. A very brief description of it had been made among the buried victims of the Messina earthquake in 1911 and Minami, a Japanese working in Germany in 1920, had studied the kidney taken from soldiers who had been partially buried during the 1914-18 war. The clinical picture was not very clear but a German pathologist had put these kidneys aside for later study. The pathology was as we found it later but no clear recognition of the clinical syndrome was extant until the paper by Beall and Bywaters.
Wilfred Trotter truly said, "There is no more potent antigen known to science than a new idea". Some of the elders of our profession were certainly unsympathetic when we began our descriptive biochemical and pathological studies. We do not know the mechanism of renal shutdown in these patients and there is in fact a vast field of investigative endeavour which must still be pursued, but at least we can feel thankful that much saving of life has stemmed from these early endeavours. I suppose the development of anuria was simply regarded as an ante mortem sign of grave prognostic significance and patients were regarded as moribund. Certainly these patients that we saw in the early days of the blitz could have been saved by our modern techniques. Their blood pressures were often well sustained and they were acutely conscious of the trouble which was developing. It was their very distressing fears and anxieties during the fateful week before death which spurred us to further efforts at comprehension and we should certainly have failed in our duty had we not made the studies which we did. If young men are making new observations, and particularly if they are using new methods, you can be sure they will be greeted by benign incredulity. They will be criticised for doing something unnecessary and which their predecessors had always been able to get along without, and even weighty authority may come in to try to put a stop to whatever is being done. No committee can ever understand fully their motives and they will have to rely on no-one but themselves to carry through the new ideas. We may perhaps regard this pattern as a rather sad fact of medical history but there is of course another side to it. It can in fact be dangerous to be unorthodox and our profession rightly applies brakes and so long as the brake is activated by critical thought and scholarship no-one can complain. It The Art is long Life is short Judgement difficult and the occasion fleeting.
